Introduction: In recent study of antioxidant effect of Acalypha indica Linn (AI) and Centella asiatica (CA) were increased due to development of various diseases accompanied by their complications, which caused by ROS (Reactive Oxidative Stress) formation. Active contents of both plants had been already verified by several researches, having scavenging effect toward free radicals. Although Faculty of Medicine of Universitas Indonesia had conducted researched about this combination limited in liver, kidney and brain, this research aimed to seek the efficacy of both plants to suppress oxidative stress in heart tissue. Method: This study used experimental in vivo method. Combination of AI and CA were administered to Sprague dawley rats with dose of 200 mg/kgBW and 150 mg/kgBW respectively for 3, 7 and 14 days in hypoxia condition. Then the effect of both plants were compared to placebo (aquades) and Piracetam at 50 mg/kgBW dose. Result: The result showed that combination of AI and CA have antioxidant effect after 7 days administration, which showed the suppression of oxidative stress through MDA level. Conclusion: Therefore, the usage duration of the combination of AI and CA determined the efficacy of antioxidant in the heart tissue and longtime usage duration might possibly replace the use of piracetam as antioxidant.
INTRODUCTION
The cell injury formation often associated with increase in oxidative stress in any pathological condition. The ROS (Reactive Oxygen Species) is the main figured of elevation of oxidative stress, microscopically seen by progression of cell death and apoptosis. Moreover, those processes begin from the destruction of lipid membrane structures during hypoxia condition. Then, the lipid membrane will undergo degradation to form lipid peroxidation. This process often occurred in highly oxidized organs such as, brain, kidney, and heart.
In the organ with high exposure towards oxidative stress such brain and heart, there is rapid accumulation of free radicals on the tissues that can lead to instant cell death. However, the organs compensate the free radicals by massive production of antioxidant from the body. But the limited supply of antioxidant need to be fulfills partly by dietary supply. * Author to whom correspondence should be addressed.
Certainly, the free radical can only be neutralized or balanced by pro-oxidant substances, which include endogenous and exogenous types. Firstly, the endogenous antioxidants are substances that are catalyzed inside the body using micronutrient as cofactor. Glutathione Peroxidase (GPx), Catalase (CAT) and Superoxide Dismutase (SOD) are three common endogenous antioxidants. Beside, the exogenous antioxidants are the substances that can only be supplied from daily diets such as, vitamin C, Vitamin E, Beta carotene and Polyphenols. Those diet contents fulfill our need of antioxidant requirements. However, researchers have unmeasurable curiosity about alternative antioxidant potential on other herbal plants. They also suggest that undiscovered herbal plants can replace the existence supplied plants for antioxidants, such as; orange, grape, carrot, etc. AI (Acalypha indica Linn) and CA (Centella asiatica) are herbals that have been investigated their antioxidant effects in kidney and brain. The combinations result of both plants show good response of antioxidant activity towards oxidative stress in Sprague dawley rats for 7 days. However, the heart tissues haven't been investigated yet. Heart is one of most vital organ that supply blood all over the body for 24-hours. The high oxidant level in the heart has tendency to create hypoxia condition/ischemia any time. Because the antioxidant activity of AI and CA have already been measured, the identification of usage duration in heart need to get investigated too. Consequently, piracetam drugs are used as control of antioxidant potential in heart tissue research.
Literature Review
Hypoxia is the condition when the body lacks of oxygen, which leads to incapability of body to compensate the danger substance production, called free radicals. It often involves in respiratory as well as circulatory system. 1 Basically, the circulatory system is controlled by the heart that pumps the blood binding oxygen (oxyhemoglobin), which later use in the oxidative metabolism that produce energy and free radicals as their output. However, if the hypoxia persists in our body during metabolism, in consequence, there will be accumulation of free radicals in which the body bear up by releasing the signaling substances: hypoxia inducible factor (HIF-1), which mainly act as adaptive mechanism released by cells; and Nitric oxide (NO), which produce by blood vessels to induce HIF-1 process. 2 4 The production of HIF-1 will dramatically increase as the free radical continue to damage the cells; 2 the interaction between free radical and membrane lipid may cause the lipid peroxidation reaction. 15 In addition, when the radicals are allowed to react with protein or DNA inside the cells, then, degraded the amino acids as well as base pairs may occurred. This interaction will alter the function of enzymes; and may lead to apoptosis of the cells. 3 15 There are several ways in which the free radicals are produced inside the body: Haber-Weiss and Fenton reactions, which need iron (Fe 2+ ) to complete their reactions and will produce hydroxyl radicals (OH − ); 6 7 NAD and NADPH reactions, which occurs to recycle the side products of oxidative phosphorylation. 8 Even if the heart membrane exposed daily by highly oxidative residuals, they have protective ability to defend themselves; 27 the mitochondria has its own antioxidant, called mitochondria superoxide dismutase (MnSOD), and xanthine metabolism, which can regulate the number of free radicals inside the heart. Those protective mechanism, however, can't standalone to cope the oxidative stress, where they need the additional antioxidant from external consumption. 12 13 There is always a balance between the production of free radicals and antioxidants, however, this term is denied if the hypoxia occurs on the body, thus may insist us to consume abundant of external consumption, in consequence the body can normally regulate this event. The known external antioxidants from fruits and vegetables are often composed of beta carotene, phenolic substances, flavonoids, vitamin E and vitamin C. These substances are validated by researchers as the best supplied of external antioxidants to overcome the oxidative stress. 12 13 In contrast, researchers try to explore the other potential plants that can replace these resources. 19 20 24 25 They believe that Acalypha indica Linn and Centella asiatica are worthwhile plants to be investigated; they also confirm that these plants contain huge amount of phenolic substances and flavonoid, which can be found in brain and kidneys. 28 In the brain, the phenolic and flavonoid substances act as neuroprotective substances towards free radical damage, 22 while these substances also help to reduce the interaction of free radical during glomerulus filtration. 28 In brief, the research about their combination function already done in few of circulatory organs, except the heart that still deeply investigated.
METHODS
This research aims to evaluate the efficacy of combination AI and CA towards oxidative stress in heart with the level of MDA as its parameter. The hearts were taken from Sprague dawley rats, which divided into 6 different groups of trials that include normal heart homogenate without hypoxia, hypoxic heart homogenate mix with aquades serving as negative control for 7 days, hypoxic heart homogenate add with piracetam marking as positive control for 7 days, 1st experimental samples of hypoxic heart homogenate added with combination of 150 mg/kgBW of AI and 200 mg/kgBW of CA for three days, 2nd experimental group of hypoxic heart homogenate mixed with combination of 150 mg/kgBW of AI and 200 mg/kgBW of CA for 7 days and 3rd experimental group of hypoxic hearts homogenate mixed with combination of 150 mg/kgBW of AI and 200 mg/kgBW of CA for 14 days.
The samples of heart were stored in freezer and those trial groups followed the last experimental materials and methods of kidney and brain researches, which already been conducted by Department of Biochemistry and Biomolecular of University of Indonesia.
Extraction of AI and CA
At first, the plants were washed properly before they got boiled in aquades. Then, plants were boiled in 80 C water till they got diluted in the solution, which could be seen by color change of clear aquades into darker solution. Moreover. the boiling solution was remained cooled down for several minutes to remove the excessive heat. After that, the room-temperature solution was extracted by rotavapour that function to separate the water molecules from the solution, which later turned the solution into dry semi-solid substances. Lastly, the extraction of the substances kept inside the test tubes and stored in the freezer.
Preparing Heart Homogenates
There were three main steps to collect heart samples from Sprague dawley rats: the low-oxygenated induction on rats, which were incubated for 7 days; dissecting the rats to collect the heart, which later prepared inside the test tubes; and liquification of heart samples by following several procedures.
Before proceed to the main steps, the Sprague dawley rats were treated normally similarly to normal animals: giving the food three times daily; cleaning the cage every week; and gave water to drink. The processes were also performed either in cages or hypoxia chambers.
After the rats were successfully managed, the induction process could be started. At first, the initiation of hypoxia began by incubating the rats inside the hypoxia chambers, in which the air pressure was drastically reduced till 20 mm Hg. The effect of hypoxia could be seen by decreasing of rat's movements after few minutes to hours.
In the 7th days of incubation, the rats were ready to undergo the next procedure. The dissection of rats were sterilized operated, which firstly anesthetized through inhalation before sliced their body skins and collected rats heart in the test tubes. After the surgery, the collected heart samples were put respectively in test tubes, then stored them in the freezer so that they could be maintained properly. Lastly, the homogenates were mixed with 20% TCA solution and tetraethoxypropane, continuing with blending process with vortex machine till there were not any residue on bottom of test tubes and finished all the procedures.
MDA Measurement
There are three main consecutive steps to analyze the MDA level: preparing supernatant, addition of TBA solution, which followed by heating process; and absorbance reading, using spectrophotometer.
At the beginning, as the homogenates were placed orderly on test tubes holder, the 20% TCA solution was added respectively to the test tubes, which later were centrifuged with speed of 3000 rpm for 10 minutes. Since this first process produced supernatant, which would be collected into different test tubes, the remaining solution didn't necessarily used and poured away from test tubes. Secondly, when the supernatants were readily settled on the test tubes, 0.67% of TBA solution was added to each of the test tubes. Then, they were heated using the steam of 95-100 C of boiling water for 10 minutes; later they were cooled down with cold water to remove the excessive heat, which indicated by color changing from clear water into reddish water. At last, the measurement of MDA absorbance could be conducted in spectrophotometer, which analyzed the appropriate wavelength value of 530 mm.
Protein Measurement
Basically, the protein measurements only underwent three processes: preparing supernatant, which similarly conducted in MDA measurement; liquification of supernatant by adding the 20% TCA solution; and absorbance reading using spectrophotometer.
Firstly, the preparation of supernatants were similarly done like in MDA measurement, later they were collected inside the test tubes. Next, the supernatant was liquefied by adding 20% TCA solution, followed by measurement of absorbance in spectrophotometer. This liquification was aimed to normalization of absorbance reading so that the errors along the process could be covered up, but only the abnormal absorbance reading would underwent this pathway.
Overall, the measurement of protein absorbance could be conducted in spectrophotometer, which identified the appropriate wavelength value of 280 mm.
RESULT

Statistical Analysis
Before analysis the MDA concentration data, the standard curve of MDA is needed to provide the normal value of MDA level and to form the equation to convert the raw absorbance of MDA data into the measureable MDA data for analysis, which begin by subtracting the absorbance value with 0.0009, then, divide them with 0.0617. The total data that has been calculated is 20 samples, which include all the 6 sets of data.
After the calculation of MDA values, the data undergoes 4 analyzing steps: normalize the data, which use the Saphiro-Wilk method as the data are less than 50 samples; then, variance test of data, which use the Levene method as the best suited for the data; One-Way ANOVA test, which require the normal result of Saphiro-Wilk and Levene tests; and last, Post-Hoc test, which apply to evaluate the significant difference between set of data.
Based on the result, the data is normal according to SaphiroWilk test, and the data also variance in their values. Then, the data shows significant difference in One-Way ANOVA that indicate by the result value is less than 0.05, which suggests the present of significant difference between set of data. In addition, the Post-Hoc method explains that the data specifically shows significant difference in 7 days of administration of combination AI and CA, which overall conclude that combination of AI and CA is effective after 7 days of administration.
Similar to MDA measurement, the standard curve of protein has been made and produce the equation to convert the raw absorbance protein data into normal absorbance protein. It starts by adding the raw absorbance data with 0.002 and divide the result with 0.0003. After the data has been converted, the data also undergoes the similar pathways of analyzing the data: normalization using Saphiro-Wilk test; variance test using Levene method; investigate the significant difference using One-Way ANOVA; and ensure the significant difference using Post-Hoc test.
The result shows that data was normally distributed and there was variance among the group of data. Then, the significant difference also couldn't be found within the set of data, consequently there wasn't any significant difference in Post-Hoc result. Based on the analysis, there isn't any correlation between the administration group and control group, which indicate that combination of AI and CA aren't effectively overcome the free radicals damage in protein level.
After the MDA as well as Protein had been evaluated respectively, both of the groups of data are analyzed together whether there is correlation between set of data. The analysis process underwent the same procedure to measurement of MDA and Protein before. Based on the result, the data was normally distributed and variance among set of data. Then, there was a significant difference among the group and it had been found out unexpected results: the significant difference between Negative control and 14 days of combination AI and CA administration; the positive control with 14 days of combination AI and CA administration; and 3 days with 14 days of combination AI and CA treatment.
According to the result, the significant differences determine the positive efficacy of the combination to decrease the lipid peroxidation process as well as alteration of protein after 7 days of administration. Although the analysis of protein alone didn't show the benefit of combination, the confirmation has been made through this mixing of MDA and Protein analysis.
DISCUSSION
Twenty samples of heart of hypoxic rats proved that the combination of AI and CA has beneficial effect to reduce oxidative stress. The measurements had been made through three different analyses: MDA measurement; protein measurement; and MDA and Protein analysis.
The result of MDA measurement was similar to the prediction of other research, which showed the decrease in MDA value after 7 days of administration. In three days, the dose of combination was reactively reacted with lipid peroxidation and require more time to show the significant result. After the 7th days of administration, the MDA decreased dramatically as the present antioxidant of heart cells compensated the burst of free radicals, which were also received help from combination to bind with hydrogen peroxide (H 2 O 2 ) .
Beside the analysis of protein radicals level was normally high, as the combination of AI and CA alone couldn't cope the damage. However, the measurement of MDA and Protein level showed significant difference that indicate the relation of how the combination of AI and CA could deeply penetrate into the cells, and stimulate the antioxidant production. As a result, from 3rd days till 14th days of administration summarized the scavenging effect gradually, which also showed optimum efficacy after 7th days of administration.
As the heart faces potential danger daily towards the free radical during oxidation process, heart membranes can produce more abundant of hypoxia inducible factor (HIF-1) and nitric oxide (NO) signaling than any other organs, which act as adaptive homeostasis towards the oxidative stress. 2 3 These signals may cause vasodilatation of blood vessels that aim to increase the flow of blood supply, which leads to increase in oxygen flow towards the hypoxic cells. Furthermore, these signals also induce the oxidative metabolism; to regulate the production of free radicals as their side products, however, the hypoxia condition also stimulate the lungs to increase the inhalation and decrease the exhalation, in which the condition is commonly called as hyperventilation that occurs during respiratory acidosis.
In cellular level, the result of respiratory acidosis can lead the interaction of free radicals with heart membrane. 16 As a matter of fact, the heart membrane almost entirely consists of lipid membrane; the interaction of lipid membrane with free radicals can create polyunsaturated lipid (PUFA), then, it transforms into lipid peroxy radicals (LOOH) and peroxy radical (LH). These radicals can proceed to the formation of several signaling substances, called malonydialdehyde (MDA) and 4-hydroxy-2,3alkenals (HAK).
14 The overall transformation process is known as lipid peroxidation. In addition, it is proven through this research from the rise of MDA level in control negative (aquades) after 7 days of hypoxia inducement. Next, the adaptive mechanism towards hypoxia by the heart demanded the backup supply of external antioxidant resources. The combination of AI and CA took part in this supply, which had been evaluated their effect after the distribution in different days, three, five and fourteen days. As a result, the effect of combination could be seen after the 7 days of the treatment; the decrease of MDA level could be interpreting as parameter of effectiveness of the drugs to cope the free hydrogen peroxide (H 2 O 2 ) interacting with heart membrane. In detail, the contain of polyphenol and flavonoid of those plants were reducing the number of free radicals by neutralizing their unstable electron numbers and change them to oxygen (O 2 ) and water (H 2 O). 21 25 In addition, the combination also stimulated the release of internal antioxidant such as: mitochondria superoxide dismutase (MnSOD), catalase and glutathione peroxide (GSPHx), 27 in consequence of fast decline of oxidative stress level in heart membrane.
After the 7 days of treatment, the heart membrane started their homeostasis by repairing the lipid membrane damage as the free radical numbers drastically been reduced. This can conclude that the efficacy of the combination to reduce the oxidative stress happened in 7th days of treatment. On the other hand, the piracetam had been used in this research as the potent antioxidant drugs.
Piracetam is neurotransmitter -aminobutyric acid (GABA) derivate drugs that has peak concentration about 84 g/mL in 30 minutes, which widely been used as neuroprotective trial drugs that had been investigated by the researches; they used the mitochondria membrane potential (MMP) and glutathione antioxidant (GSH) as their parameter. 17 18 In detail, the indicators were interpreted piracetam function by maintaining electrochemical gradient across the cell membrane, in consequence it limited the interaction of free radicals with the cell membrane so that the lipid peroxidation could be prevented. 18 In addition, this condition increased the cell membrane recovered after getting exposure towards cell membrane.
Furthermore, the broken structures of lipid membrane of the heart could possibly have allowed the free radical to interact with cell components, including protein and DNA pairs, 15 however, as the heart fully relied its energy supplied through oxidative phosphorylation and contain several of lipid layers in its membrane, the energy production through protein oxidation (commonly found in skeletal muscles) were less likely to occur. Consequently, the protein radical formation such as: alkyl, alkylperoxyl and alkoxyl radicals, were less in numbers compared to the lipid radicals. Although these protein radical could be form in the heart, the significant difference of protein radical numbers couldn't be found in treatment of combination AI and CA that accounted in 3rd, 7th and 14th days. In contrast, the correlation of MDA and protein radical should be evaluated together to ensure the result.
In data of MDA and protein radical numbers, the research resulted that there had found the significant differences started from 3rd days to 14th days of combination of AI and CA treatments. This result explained that protein radical couldn't be evaluated separately from MDA level; it meant that investigation of the efficacy of combination should be started from the membrane level till the protein level. The data also showed that effect of combination had significant relation with control positive (piracetam) and 3rd, 7th, and 14th days, which indicated the strong efficacy of drugs had potent effect as strong as the known drug (piracetam).
According to the other research, the Acalypha indica Linn had exerted the neuroprotective effect, which showed by the increased of brain-derived neurotrophic factor (BDNF) levels during hypoxia. 22 As a matter of fact, the protein could possibly interact with free radicals and alter its function as enzymes. Moreover, the enzymes were fairly important to synthesis as well as regulate the cells during the metabolism. To prevent this cascade of destruction, this factor stimulated the protein to inhibit its synthesis so that the damage could be terminated before it could damage other cells as well. This can be implemented to the condition of hypoxic heart somehow.
To summarize this research, the combination of AI and CA could exert their effects towards oxidative stress after the 7th days of treatment. Furthermore, the result of reducing MDA as well as MDA and protein combines indicators are also the proved that combination can release the antioxidant effect as potent as piracetam, which had been shown by the significant difference between the control positive (piracetam) and 3rd, 7th, and 14th days of the treatment. This result can support the use of combination to replace the piracetam drugs in the future, however, the other indicators, such as: DNA, should be evaluated to strengthen the uses of combination to cope the oxidative stress. 
